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Two-dimensional material has great potential in the field of microelectronic devices. 
Compared with the traditional three-dimensional material, it has many new features. 
Many two-dimensional materials have very high carrier mobility, very wide operating 
wavelength, very small integrated package size, and low production cost. In this paper, 
we mainly study two typical two-dimensional materials, graphene and black phosphorus. 
Electro-optic modulators are critical photonic devices for the link between electrical 
and optical signals and play a very important role in the field of optical communication. 
Compared with conventional electro-optic crystals, graphene has promising potential for 
high performance electro-optic modulators, which possess ultrahigh modulation speed, 
ultra-broad optical operation bandwidth, high density integration, compatibility with 
semiconductor technology and very low costs for mass production. And it is very 
necessary to use the software to simulate the electro optical devices based on graphene. 
Therefore, we mainly introduce the software simulation method based on two-
dimensional material in this paper.  
It is worth noting that the electrical parameters of the two-dimensional materials 
have two different ways of characterization, isotropic and anisotropic. The results 
obtained by these two methods are discussed in this paper. In this paper, we point out that 
graphene has very large absorption of light signal when it was set as isotropic material 
and the dielectric constant is close to zero. However, the result is wrong. Therefore, the 
most appropriate method for electromagnetic simulation is to set the graphene as a two-
dimensional planar surface conductivity material or three-dimensional anisotropic bulk 
material. In this paper, a kind of electro-optic modulator based on graphene hybrid plasma 
waveguide is designed. Through the optimization of the structure, we designed a new type 
of electro-optic modulator of graphene based on near infrared band. The plasmonic 
enhancement effects make the modulation depth increase by about 33.3% in the near 
infrared band (1400nm-1700nm). 














the plane. In this paper, we first study the electro-optic modulator based on single layer 
black phosphorus, and discuss the performance of the modulator in the TE mode and the 
TM mode when Black Phosphorus in different positions. Then, we designed an electro-
optic modulator based on double layer black phosphorus, and discussed the working 
performance of two layers of black phosphorus in the four different states. Based on the 
distribution of electric field in different modes, the influence factors of different modes 
and different positions of black phosphorus on attenuation coefficient are analyzed. 
Keywords: Two-dimensional material；Graphene; Black Phosphorus; Anisotropy； 
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图 1-2 石墨烯能带结构图 
资料来源：A. H. C. Neto, F. Guinea, N. M. R. Peres, et al. The electronic properties of graphene[J]. 





































































资料来源：T. Low, A. S. Rodin, A. Carvalho, et al. Tunable optical properties of multilayer black 
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